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Ambient Organic Aerosol
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Secondary Organic Aerosol Formation
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g Break C-C bonds: increase volatility Particle Diameter (um)

Add functional groups: decrease volatility




-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

Modeling Secondary Organic Aerosol Formation

. - A -— A
VOC + oxidant k 1g > Mp
a, K>
> Agg - Ao
ai ) i
- Aig \ A|p \
\4 \4
Yield = C,,, (Mg m=)/A[VOC] (ug m=) more gas- and particle-
/ A, mass yield phase reactions

Yield =Y, = 3b, [1 + M, .yP°/RTC,, "t «— Fraction in particles

N

~
\\ 1 _______________________

a,= [A, + A J/AIVOC] (molar yield)

Yield —p

b, = a[MW,/MW, ] (mass yield)

Ki = RT/MpomyPio

0 Coom (UG MP) —p




US EPA ARCHIVE DOCUMENT

SOA from Reactions of
Aromatic Hydrocarbons
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Major Organic Compound Classes

Alkanes i >§j

(n-decane) Aromatics Alkenes/Monoterpenes
(toluene) (a-pinene)
Major SOUI‘CG\
of urban SOA
Urban Areas Major source of
Alkanes ~40% global SOA
X Models

Aromatics ~20-30%
Alkenes ~10%
Oxygenates & Unidentified

(using Caltech SOA yields)



Atmospheric Chemical Lifetimes of Hydrocarbons

Lifetimes
Hydrocarbon OH NO, O,
n-decane 1.1d 240 d >4500 y
toluene 2.1d 1.8y >45y
a-pinene 2.7h 5.4 min 4.7 h

[OH] = 12-h daytime ave. = 2.0 x 10° molecules cm-= (0.08 pptv)
O,] = 24-h ave. = 7 x 10! molecules cm-3 (30 ppbv)

INO,] = 12-h nighttime ave. = 5 x 108 molecules cm-3 (20 pptv)
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Toluene + OH CH,

CHg3 ———» HyO +
OH + 1
CHj
OH
Dominantin — L— H OH-aromatic
i i e adduct

ambient air

\ N

Products, including Products, including

ring-cleavage dicarbonyls nitro-aromatics



CH3

N OH-toluene adduct
A ' ho + O, or NO

-
4
i A
= CHa Only important at
3 CHs oH high (ppmv) NO levels
NO d .
o o — o ——= =" HC(O)CH=CHCH=C(CHy)CHO
o P
w " i
\
a OH-toluene UE 1,2-dicarbonyls &
.- adduct OH 1,4-unsaturated dicarbonyls
@ A Q H O2 NO decomp.
o R & -— > CH,C(O)CHO + HC(O)CH=CHCHO
q OH, NO,...
E CHg 0, /O\
w 0 decomp. _ 2% HC(O)CH=CHCH—C(CH;)CHO
Ay N
7, - CH:  HC(O)CH(OH)CH(ONO,)CHO
- O'f L2 0 oH + others
H H multi-generation

o products




Oligomer Formation

L ~ HO
E R1/\OH + Rz/\ O R OA(\RZ
a alcohol carbonyl hemiacetal
o] O hydroperoxide (ROOH)
(& R,
" X
2 o = OO = MO
T + H,O — —
E carbonyl gem-diol hemiacetal
< (or alcohol ROH)
o O O
Ll V.
") Rz_/< + HO/\Rl " R < /N
OH -H,0 o R
- alcohol 2

carboxylic acid ester
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Project Objectives

 |dentify and quantify first- and multi-generation gas-phase
and SOA products and rates of formation from OH radical-
Initiated reactions for the following systems:

sHl< < Iys!

toluene m-xylene p-xylene 1,3,5-trimethyl
benzene
O

CH,C(O)CH=CHC(O)CH; ¥
R,CH=CHR,CH=CHR, \—’

« Effects of NO,

« Effects of humidity, particle acidity, ammonia, other VOCs




Experimental Apparatu
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Experimental Apparatus & Methods

Blacklights VOC (aromatic or other) | | Seed
OH Source Particles
Environmental Chamber (6-8 m3)
Pure Air Mixing Chamb Pure Air
VOC (aromatic or other) Xing ~hamber
Seed Particles -
CH,ONO + NO + light Blacklights
Alkene + Oy — OH
H,0, + light Flow Tube (180 cm x 30 cm)

On-Line Analyses

» Thermal Desorption Particle Beam Mass Spectrometer (particle composition & volatility)
» Atmospheric Pressure lonization Tandem Mass Spectrometer (gas composition)

» lon Trap Mass Spectrometer (gas or particle composition)

» Scanning Mobility Particle Sizer (particle number and mass concentrations)

» Thermodenuder (volatility)
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Off-Line Analyses
* Denuder, Tenax, Filter Sampling with Gas and Liquid Chromatography-Mass Spectrometry




Thermal Desorption Particle Beam

p—
= Mass Spectrometer (TDPBMS) |
T Environmental Chamber
E or Flow Tube
= quadrupole
(@) mass spectrometer
o computer A '
& \ |
w power skimmers aerodynamic lenses | |
:;. supply I nozlzle / particle relaxation tube
— y
als PID / /
&)
ﬂ 1:“:'- .......................... ‘ .............. 1 ................ T !
q = = L L LU T
< : \ \
orifice
& _____ thermo- N vaporizer
___________ Couple (rotated 900)
v \
= LN, Dewar turbo

pumps




Vaporizer Temperature (°C)

Time (min)

400
> SOA Mass Spectra and . poe
w Desorption Profiles from 2 286
4
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High MW SOA Produc’rs from 1-Alkenes + OH/NO,,

““““

““““““““““““““““

°'.46

454 470 486

60 70 80 90100 110 120 130
Vaporizer Temperature (°C)

1-tridecene 442 :
C,; MW =182 344 558 ?
372 ]
a6 | 8 g |
330 387398 415 D
Lab L Z5
T o HH‘ MH H HH\HH \MH“MH\M H‘ ‘HH‘ s ] .
1-tetradecene | - 373 386 470 | /
C,, MW =196
325 400 I
i 427 440 486
414 i
, HHM\M ‘\ w\‘\H\u sl HHMW
1-pentadecene 372 386 Al4
i - 400 498}
Cis MW =210 325339 A28
- 414 458 454 470
| ‘\‘HMH\ Mm\uh , ‘ | 28
300 350 400 450 500 A

m/z

Cl3 C14 ci15
344 358 372
426 454 482
442 470 498
458 486 [514]




SOA Desorption Profiles from 1-Tetradecene + O;

| 0.5 hours

Hydroxyhydroperoxide Peroxyhemiacetal

Relative m/z 199 Signal

0 20 40 60 80
Vaporizer Temperature (°C)
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Signal

Desorption Profiles and Vapor Pressures of n#-Alkanes

120 1

Carbon Number
17-20 2224 283032

80 -
60 -
40 1

20 )+t

100 { ¢ g1

Vaporizer Temperature (°C)

O 20 40 60 80 100 120

-logP ¢ (torr)

o (o0] ~ o Ol H
AP I R B B B R

logP,.(torr) = -2.70 — 0.079 T, (°C)

des

101

111
0 20 40 60 80 100 120
Tdes (OC)



Atmospheric Pressure Tonization-Tandem
Mass Spectrometer (API
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TMS)

BLACK LIGHT
LAMP BANK

b

N

FEP-TEFLO
FILM BAG

OSH DATA
AND CONTROL SYSTEM

4

MACIN1

PE SCIEX MASS
SPECTROMETER

HELIUM COOLING
COMPRESSOR



Gas-Phase Carbonyls from
Aromatics + OH/NO,

7000 L Teflon chamber
[aromatic],, [CH;ONO],, [NO],
= lppmv

19-27% aromatic reacted

e [NO,]; = 0.4-0.8 ppmv

o [aromatics]. Tenax w/GC-FID

« [carbonyls]: PBFHA derivatives
from coated XAD-4 resin
denuder, solvent extraction,
GC-MS with positive CI.

All predicted 1,2-dicarbonyls and
1,4-unsaturated” dicarbonyls
detected

 When scaled to literature yields
for 1,2-dicarbonyls get ~60-70%
mass balance
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Identified 1,2-Dicarbonyls and 1,4-Unsaturated Dicarbonyls

'..E _ g g toluene xylene trimethylbenzene
rng-opene roauct

Ll Jop P o- m- p- 1,2,3- 1,2,4- 1,3,5-

=

- (CHO), X X X X X X

8 CH,C(O)CHO X X X X X X X

(@] | CH,C(O)C(O)CH, X X X

g HC(O)CH=CHCHO X X

E CH,C(O)CH=CHCHO X X X X

®] | HC(O)C(CH,)=CHCHO X X X X

E CH,C(O)C(CH,)=CHCHO X X X

4 | CHsC(O)CH=C(CH;)CHO X X X

& CH,C(O)CH=CHC(O)CH, X X

Py | HC(O)C(CH,)=C(CH;)CHO? a a

=] | CH,C(O)C(CH,)=C(CH,)CHO X
CH,C(O)C(CH,)=CHC(O)CH, X




-5_ DHIC—m.rI

N1 - Modeling and Measurements of
T 044 [O DHN L
o | s . SOA from 1-Alkenes + OH/NO,
< 0.3 |
O
) o024

D_U- .'-'.'_‘.H.H.

B 9 10 11 12 13 14 15 16 17
Carbon number

0.6 1 I 1 I 1 1 I 1 I 0.7

J DHC-nv I 1 —® -Model (DHC gpp)
0.5 0.6 —® -[Model (DHC nv)

| - { —#®— Experiment ¢« ®
0.5
0.4 s | =
-
1 [ 0.4
"0.34 - ' |
4 L 0.3
0.24 R |
| I 0.2
0.14 - ]
0.1
B ] . -g-®
D-C D'ﬂ T r L 'I. L 1 L L T T

10 11 '12 13 14 15 16 17 T
& 8 10 12 14 16 18

Carbon number Carbon number

SOA yield
SOA vyield
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Expected Results

e |[dentity and quantity of gas-phase and particle-phase
reaction products and rates of formation for aromatics + OH

 Effects of NO,, humidity, particle acidity, ammonia, VOCs
e Quantitative gas-phase reaction mechanisms
e Quantitative particle-phase reaction mechanisms

« Estimated product vapor pressures

* Models with reaction mechanisms and vapor pressures
compared with laboratory results

« Experimental and modeling results provided to scientific
community for development of regional and global models
of atmospheric chemistry of aromatic hydrocarbons and
SOA formation
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